Abstract Livestock forms an integral part and contributes in multiple ways to the livelihoods of smallholder farmers in the crop-livestock systems of Ethiopia. This study presents empirical evidence of the relative importance of the consumption of dairy products to family nutrition and factors underlying differences among farm households. Cattle owning households (n=270) and their under-5-year-old children (n=225) were sampled for this study. Multiple approaches were applied for data collection, including a cross-sectional survey, indepth household monitoring, a dietary diversity survey and anthropometric measurements of children. Household dietary diversity scores were low (4.6 ± 1.3), mainly comprising maize, Enset, green kales and milk products. The consumption of non-dairy Animal Source Foods (ASF: beef, mutton, chicken meat, eggs and fish) was low, intermittent and peaked during major religious or social festivities. Canonical Correlation Analysis (CCA) revealed substantial associations between anthropometric indices of children and socioeconomic status of their parents. Specifically, predictors assigned the greatest weights, in descending order, were per capita farmland size, family size, access to clean water, crop diversity, dependency ratio, livestock holding, cash income, literacy of household head, distance to public health centres, and volume of milk available in the households. Although cow milk was identified as an important food item for children, their nutritional status was influenced by manifold factors that affect their dietary quality, health and care. Therefore, holistic approaches that embrace effective coordination among different economic sectors -notably agriculture, public health education and provision of clean water are required to achieve food and nutritional security among farming households.
Introduction
Since food security issues were first highlighted in the 1970s, various concepts and definitions have been issued and disseminated. The 1996 world food summit (FAO 1996) agreed that food security exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life. The conceptual framework is built upon four pillars: availability, access, utilization and stability, with utilization capturing adequate health and sanitary services, as well as adequate knowledge and application of nutrition and child care (Barrett 2010; Thompson et al. 2012) .
Although the number of undernourished people in the world has declined since 1990-92, there are still an estimated 842 million people suffering from chronic hunger, meaning that their energy intake is below requirements . In less developed countries, an estimated 12 million Electronic supplementary material The online version of this article (doi:10.1007/s12571-015-0487-0) contains supplementary material, which is available to authorized users. children die annually due to infectious diseases and undernutrition, the latter contributing to half of the overall mortality and stunting the growth of nearly one third of the children (UNICEF 2008) . The prevalence of undernourishment in sub-Saharan Africa, which is estimated at 26.8 % of the entire population, is the highest recorded for any region worldwide (FAO et al. 2012) . Not surprisingly, undernourishment and infectious diseases are also the two leading public health problems in Ethiopia. A recent national report estimated that 44 % of Ethiopian under-five children are moderately or severely stunted, 29 % are underweight and 10 % are wasted (acutely malnourished) (CSA and ICF International 2012) . This estimate reinforces the observation that maternal and child undernourishment is highly prevalent in low and middle income countries (Black et al. 2008) .
In addition to the direct and indirect contributions of livestock to income generation for smallholders, livestock products play a paramount role in their food and nutritional security. Livestock products have a long history in Africa and African diets. Archaeological findings provide evidence for extensive processing of dairy products in pottery vessels during the Middle Pastoral period (5200-3800 BC), confirming that milk played an important role in the diet of prehistoric pastoral people in Africa (Dunne et al. 2012) . Several studies also acknowledge the contribution of animal source foods (ASF) to the micronutrient status, growth and cognitive functions of children in modern diets (Neumann et al. 2002; Allen 2003; Murphy and Allen 2003) . Various studies have established linear associations between milk consumption and the growth of children worldwide (Fratkin et al. 2004; Hoppe et al. 2006; Moore et al. 2008 ). However, low accessibility and availability often restrict ASF consumption by the poor. Recognition of the nutritional benefits of ASF consumption alone is thus clearly insufficient given the manifold determinants of food and nutritional security.
Food supplementations and fortifications have long been the main nutritional intervention approaches employed by the health sector, to combat malnutrition, but their coverage is often limited because they mainly target women of reproductive age, infants and young children acutely undernourished in disaster areas (Andersen 2013) . Some noteworthy progress has been made in understanding and appreciating the benefits of nutrition-sensitive agriculture in improving the nutritional status of the rural poor (Underwood 2000; Allen 2003; Berti et al. 2004; Johns et al. 2013) . For example, an extensive review by Berti et al. (2004) highlights the effectiveness of agricultural interventions in improving nutritional outcomes through increased food production.
The multiple forms of livestock's contributions to food and nutritional security is well recognized and documented for mixed crop-livestock farming systems. Globally, mixed crop-livestock production systems account for over 40 % of the total livestock population, and contribute about 46 % of the total meat, 88 % of the milk and over 50 % of the food grains produced globally (Steinfeld et al. 2006; Thornton and Herrero 2009) . Whereas ASF produced on-farm by different livestock species directly contribute to family nutrition, numerous other livestock services such as traction, manure, savings and cash income also indirectly contribute to food and nutritional security of farming households.
In Ethiopia, more than two thirds of the human and livestock populations are concentrated within the mixed croplivestock system. A special feature in the southern highlands is the integration of perennial crops such as enset (Ensete ventricosum) and coffee with livestock keeping. The integration delivers manure that is used in enset cropping, while dairy products complement the diet of the farming households (Negash and Niehof 2004) . Thus, integrated farming activities provide the basis for household food and nutritional security for over 20 million people in Ethiopia, who rely on the enset plant as a staple energy food. Notwithstanding this integration and its stated benefits, there is still a high prevalence of protein, zinc, and calcium deficiencies among children and women in the region . There is no empirical evidence regarding to what extent dairy cattle ownership and the consumption of dairy products, along with enset and cereals, translate into better nutritional status of farming households in this farming system. The need to fill these glaring knowledge gaps gave impetus to the present study. We assumed that the volume of milk produced annually on farm (litres of milk shared among family members as adult equivalents) is positively associated with anthropometric indices of children. A canonical correlation analysis was applied to quantify the associations between the anthropometric indices of children and various socio-economic variables that include farmland and livestock holding, income of the family, family size, access to clean water, access to health services, crop diversity as well as the volume of milk available to farm households.
Material and methods

Study area
The study was carried out from the beginning of September 2011 until the end of August 2012 in the southern highlands of Ethiopia. The study area is characterized by a mixed croplivestock farming system, in which livestock herding is practised alongside the cultivation of food (such as enset) and cash crops (such as coffee). The study districts, Kofele, Awassa and Kedida, represent medium-, high-and very highly populated areas, with 272, 458 and 578 inhabitants per km 2 , respectively. As common features, the districts experienced previous dairy development interventions, but vary in ethnicity and religion and hence in cattle management practices (Yigrem, S., Markemann, A., Abebe, G. & Valle Zárate, A. Perceived and actual contributions of cattle and of dairy products to the cash income of smallholder farmers in the mixed production system of Ethiopia. Human Ecology, submitted). The Oromo ethnic group in Kofele are predominantly Muslims and the majority of the people in Awassa and Kedida districts belong to the Sidama and Kembata ethnicities, both of which are mainly Protestant Christians. Many of Ethiopia's Orthodox Christians are restricted from consuming ASF during fasting periods for more than half of the year (Ayenew et al. 2009; Melesse and Beyene 2009 ), but that is not the case in the present study districts. Foodstuffs derived from animal sources, including milk and processed milk products are all culturally well accepted and widely consumed.
Household sampling and data collection
A multistage sampling technique, which is time and costeffective, while retaining randomness and sufficient sample size, was used to select farming households. In the first stage, three districts were purposively selected considering different levels of population density, past dairy development intervention programs and ethnicity (as proxies for cultural differences) within the enset growing region in southern Ethiopia. At the second stage, three Kebeles (a local administration unit within a district, consisting of 400 to 1,200 households) from each of the districts were randomly selected. Subsequently, a random selection of 30 cattle keeping households from the list of all farmers in each Kebele resulted in a total of 270 cattle owning households for the study. Anthropometric measurements were taken on all children (6-60 months old) that belonged to the sampled households (n=225 children). Anthropometries were undertaken by health extension agents recruited for each of the sampled Kebeles.
Data collection methods included diagnostic survey, dietary surveys and in-depth household monitoring as well as anthropometric measurements of children. The diagnostic survey was used to capture the socio-economic characteristics of the farm households. In-depth household monitoring was conducted monthly for a total of 12 months and provided comprehensive data on household cash income, expenditures, amounts of milk production and utilization, and the frequency as well as amounts of ASF consumption. The 24-h dietary survey followed the FAO guidelines (FAO 2011) and captured the consumption frequency of food groups in the preceding 24 h. Anthropometric measurements of children included age-specific weight, height and the middle upper arm circumference of each child.
Sampled households were grouped into wealth terciles according to major farm endowments. Farm endowments were adjusted for family size, expressed as adult equivalents (AE). The AE considers gender and age differences in the family. Farm endowments considered were hypothesized to capture all farm and non-farm incomes of the farm households and comprised aggregated farmland size (ha/AE), livestock holding (as tropical livestock unit (TLU)/AE) and annual cash revenues (Ethiopian birr (ETB)/AE). Thereafter, farm households were grouped into k-clusters, in this case to low, middle and upper wealth terciles based on the three sets of continuous variables. In this data classification procedure, the distance between a given value and cluster centre is measured in order to delineate which household belongs to which group.
Data collected from the dietary survey was translated into household dietary diversity scores (HDDS) by summing the number of food groups consumed in the household over the 24-h recall period, using the 12 major food groups indicated in the FAO guidelines as the reference (FAO 2011) . The staple food of the study area, enset, is not listed in any of the 12 food groups of the FAO guideline. As it exhibits similar characteristics to cereal foods in terms of its food values as a staple energy source (Mohammed et al. 2013) , we grouped the foods from enset along with cereal foods. The consumption patterns of ASF were investigated by summing the number of days and quantity of ASF consumed during 1 year. Anthropometric indices of children were calculated using the Emergency Nutrition Assessment (ENA) software, version 2011 (Erhardt et al. 2011) . Stunting, underweight and wasting were defined by height-for-age (HAZ), weight-for-age (WAZ), and weightfor-height (WHZ) z-scores below −2 standard deviations (SD) of the WHO reference population (WHO 2006) . The lower cut-off point for mid upper arm circumference (MUAC) was 125 mm. Z score values were computed as
Where x is the measured value, x re f and SD ref are the average and the standard deviation of the measured value, respectively, to the global reference population (WHO 2006) provided in ENA software.
Data analysis
Descriptive and inferential statistics were applied using the Statistical Analysis System (SAS) software (SAS Institute 2011). The non-parametric Kruskal-Wallis chi-square test was applied using a SAS macro (Elliott and Hynan 2011) to identify significant differences among the groups (wealth terciles) for HDDS, ASF consumption (number of days and quantity/AE/year), milk utilization patterns and household expenditure.
The SAS procedure CANCORR (SAS Institute 2011) was used for canonical correlation analysis (CCA). Using CCA, the relationship between the four anthropometric indices of children (WAZ, HAZ, WHZ and MUACZ) and 10 socioeconomic characteristics of their parents were analyzed. CCA is a multivariate analysis technique that is widely applied in several disciplines (Statheropoulos et al. 1998; McGarigal et al. 2000; Gabbi et al. 2013; Di Leonardo et al. 2014) . It helps to measure the strength and relationship (dependence) between two sets of dependent and independent variables by creating two linear composite sets (canonical variates). The maximum number of canonical variate pairs (k) depends on the minimum number of original variables in the two data sets (McGarigal et al. 2000) . In our case, anthropometric indices (A i ) constituted the set of dependent variables (WAZ, HAZ, WHZ and MUACZ), whereas the socio-economic characteristics (S i ) (see Table 1 ) represented the independent variables.
In a first step, CCA develops a number of independent canonical functions that maximize the correlations (r k ) between the linear combinations of the variables in the two data sets (McGarigal et al. 2000) . In our case, there are four anthropometric (A 1 ,…,A 4 ) and 10 socio-economic (S 1 ,…,S 10 ) variables. Therefore, we have four canonical combinations (i.e., k=4, ANTHRO 1, …, ANTHRO 4 and SOC 1 ,…, SOC 4 ). The canonical combinations are expressed using the following equation:
where, ANTHRO 1 and SOC 1 are the first pair of anthropometric and socio-economic variates and ϕ i andω i are coefficients for each of the anthropometric and socio-economic variables, respectively. A i and S i are the two sets of original anthropometric and socioeconomic variables (see Table 1 ). The squared canonical correlation (r k 2 ), which is also called the eigenvalue, measures the proportion of variance of a canonical variate (ANTHRO) explained by the original socioeconomic variables (McGarigal et al. 2000) .
Results
Socio-economic characteristics of the sampled farm households
Clustering of farms according to the wealth indicators (farmland/AE, TLU/AE and cash income/AE/year) resulted in the majority of farmers (65 %) falling into the lower wealth tercile, 13 % in the middle and 21 % in the upper wealth groups ( Table 2 ). The distribution of farm households among the wealth terciles, however, was not similar across districts. A higher proportion of farmers in Kofele district (53 %) fell within the upper wealth tercile compared to 12 % in Awassa and 4 % in Kedida districts. The majority of farmers in Awassa (74 %) and Kedida (80 %) belonged to the least wealthy category, while the middle third still constituted 14 % in Awassa and 16 % in Kedida. In Kofele, the medium and poorest terciles were represented by 10 and 37 % of the farmers, respectively. As a consequence of higher population densities in Awassa and Kedida districts, the per capita farmland size, livestock holdings, as well as cash incomes were lower than in Kofele, hence a high percentage of farm households fell into the lowest wealth tercile. As far as farmland (ha/AE) and livestock holdings (TLU/AE) were concerned, the tercile categories clearly reflect an increase in wealth from the lower to the upper tercile, which is, however, not the case for the annual cash income (Table 2 ).
This clearly shows that a wealth categorization based on cash income alone does not reflect the true underlying wealth status of farmers. Even farmers with small plots of land and On the other hand, farmers having large farmlands and abundant livestock are able to produce adequate farm outputs and food for the family, but may not necessarily have high cash revenues. Therefore, the multiple criteria used in this study is likely to present a realistic wealth status of the farmers in the study districts who use subsistence rather than market-oriented mixed production systems, in which cash revenues or household expenditures alone may not reflect the true wealth of farm households. Only 46 % of the surveyed households had access to clean water, originating from private or communal piped water, hand dug/pumped boreholes or protected spring water. The remaining 54 % of the households were using unprotected spring, river, lake and rainwater as sources of drinking water. The overall proportion of literate household heads was 47 %. A contemporaneous programme run by the Ministry of Health in Ethiopia provided access to health extension agents in all of the study districts. The average distance between the sampled households and the nearest health service centre was 4.67 km (SD 3.3 km).
Household dietary diversity and contribution of ASF HDDS based on 12 food groups showed no significant differences among the wealth groups, with a mean value of 4.6 (±1.3). The most commonly (>50 %) mentioned foods, among 918 meal times in the dietary survey, belonged to the aggregated food group 'coffee, tea and spices', 'cereals', including enset, 'dairy products', 'vegetables' and 'oil/fat', while none-dairy ASF (beef, mutton, chicken meat, fish and eggs), 'fruits' and 'pulses' were less frequently mentioned (<50 %) (Fig. 1) .
With respect to individual food items, foods from maize were most prevalently consumed (in 74.8 % of the meals), followed by enset (55.6 %), green kales (51.5 %) and butter milk (46.6 %).
The contribution of ASF to the dietary diversity of the sampled households in terms of both frequencies (number of days) and quantities (kg, count or litres) consumed during the year are shown in Tables 3 and 4 . Across the wealth terciles, significant differences were observed in the number of days when ASF were consumed (Table 3) . Although the number of days when farmers accessed dairy products is much higher than that for the non-dairy ASF in all wealth terciles, it increased substantially with increase in the wealthy tercile. Among the nondairy ASF, beef and mutton were more frequently accessed by the upper and middle wealth groups, while chicken was more frequently consumed by the lower wealth group. As depicted in Table 4 , the quantity of dairy products consumed was much higher than that of non-dairy ASF for each wealth tercile. Within dairy products, butter milk, rather than fresh milk, was widely consumed by farm households even if the quantity did not increase with wealth. Farmers in the upper wealth terciles consumed twice the quantities of fresh milk consumed by farmers in the lower tercile, indicating the impacts of wealth of farmers on milk availabilities for consumption.
By volume of milk produced, most farmers (57 %) fell into the lower tercile, with a mean annual milk production of 864 litres/farm/year; whereas the middle (33 %) and upper (10 %) terciles produced 2,398 and 5,406 litres/farm/year of milk, respectively (Supp. Table 1) . Overall, only a small portion of fresh milk (3 %) was sold for cash income; 37 % of the milk was utilized by the family members themselves and 60 % was traditionally processed into other milk products. The proportion of fresh milk marketed for cash increased with the volume of milk produced along the milk volume tercile. The most common dairy products consumed by the sampled households included butter milk, milk-in-coffee, and butter or clarified butter (ghee) (Fig. 2) . These dairy products were consumed along with the common staple food of the region, called 'Kocho' (which is made from the enset plant) as well as cereals and vegetables. Our systematic observations highlighted the impact of ethnic differences on the consumption preferences of dairy products. While milk-in-coffee was more commonly consumed in Kofele and Awassa districts, the consumption of butterin-coffee is the most prevalent and traditionally appreciated form of consumption by farmers in Kedida. Moreover, farmers in Kedida more frequently prepare cottage cheese than their counter parts in Kofele and Awassa districts. In all study districts, fresh milk is primarily given to young children, pointing to intra-household variation regarding the consumption of dairy products; a variation, which was, however, not systematically quantified in this study.
Share of household expenditures for agricultural inputs, food and non-food items
The percentage expenditures for agricultural inputs, food and non-food items show significant differences among wealth categories (Table 5 ). For the upper wealth tercile, annual expenditures for cropping activities were highest (36 %), followed by food expenditures (31 %). Within food expenditures, the upper wealth tercile spent the highest proportion (55 %) on spices, oil, coffee and sweeteners, while expenditures on staples, ASF and vegetables were comparatively low. In contrast, farmers in the lower and medium wealth terciles spent a substantially larger share of their income on staple foods (44 and 37 %, respectively). In all wealth terciles, expenditures on ASF were very low, amounting to only 14, 17 and 14 % of the total food expenditures in the lower, middle and upper wealth terciles, respectively. This implies that on-farm produced agricultural products including ASF, notably milk, play important roles in the diets of the farm households. 
Anthropometric indices of children
Based on the anthropometric indices of children (z-score values), the overall prevalences of underweight, stunted, wasted and acutely malnourished children were 17.4, 43.7, 13.5 and 9.4 %, respectively (Table 6 ). The z-score values for WAZ and WHZ were significantly different among children who were categorized according to the wealth status of their parents. Children in the upper wealth terciles had the highest zscore values, meaning that they have better nutritional status.
The CCA revealed the relationship between the anthropometric indices for the children and the socioeconomic status of their parents. Among the canonical combinations, only the first one for each of the two sets of variables were significantly correlated (r k 2 =0.36, P<0.0001 and 56.7 % of the total variance), implying that this single canonical combination explains most of the correlation between the anthropometric indices of the children and the socioeconomic characteristics of their parents. The scatter plot (Fig. 3) depicts a statistically significant linear relationship between the two sets of variables in the first canonical combination (ANTHRO1 and SOC1). This implies that with improved socio-economic status of the farm households, the anthropometric indices would rise relative to the global mean reference (z-score=0). Table 7 further shows the canonical correlation structure, from which the correlation coefficient for each original socioeconomic variable was derived. Accordingly, the associations between the canonical variate (ANTHRO1) and original socioeconomic variables can be expressed by the following relation: Frequency (%) of the specified dairy products consumed in 918 meal times n=270 housholds Fig. 2 Dietary diversity of farming households: major forms of dairy products consumed ns **and*** show significant differences among farmer groups (wealth terciles) at the 5 and 1 % significance levels. ns non significant predicting the nutritional status of children. Accordingly, the associations between the socio-economic variables and anthropometric indices of children were in the following descending order of importance: per capita farmland size, family size, access to clean water, crop diversity, dependency ratio, livestock holding (TLU), cash income, literacy of household head, distance from public health centres, and volume of milk available in the households. Whereas dependency ratios, distance from the nearest health centre, and access to clean water were negatively associated with anthropometric indices of children, the other socio-economic variables had positive associations. The per capita farmland size was highly correlated with anthropometric indices of children. In subsistence farming, farmland size is a key factor underlying the quantity of food produced on-farm, and accumulation of farm and nonfarm assets (such as livestock). Family size was another important variable which showed a positive correlation with the anthropometric indices of the children. With increasing family size, additional labour force might contribute to higher food production, asset accumulation and child care. The lesser the proportion of working force in the family, however, the harder it becomes for the few family members to produce adequate food for the rest of the family members. Anthropometric indices for the children were improved by the number of crop HAZ height-for-age z-score, WAZ weight-for-age z-score, WHZ weight-for-height z-scores and MUAC middle upper arm circumference **and*** show significant differences between wealth terciles at 5 and 1 % significance levels, ns none significant r 2 =0.36, p<0.0001 species grown on farm (crop diversity), livestock holding (TLU), amount of annual cash income and literacy of the household heads. The volume of milk that is annually produced and potentially available per AE was hypothesized to have positive relation with the anthropometric indices for the children. Although the volume of milk produced had a positive relationship with the anthropometric indices as anticipated, it had the smallest correlation coefficient among the entire socio-economic variables, meaning that it had the least predictive power.
Discussion
This study was undertaken to investigate the relative importance of on-farm produced milk products to family nutrition in a perennial crop (enset) dominated mixed crop-livestock production system in Ethiopia. The study demonstrates that owning milking cows plays an important role in the provision of nutrient-dense ASF food-milk, thereby complementing the crop-based diets of the region. Milk and milk products were identified as the major foods of the region along with three crop food items (i.e., enset crop, maize and green kales). As green vegetables are only seasonally available in the rain-fed agricultural system, enset and maize remain the main crop food sources throughout the year. Several micronutrients are very low in content, or sometimes even absent in cereal-based vegetarian diets Neumann et al. 1997) . Although enset is a rich source of soluble carbohydrates, starch and some essential micronutrients (such as zinc), it contains low levels of protein (Abebe et al. 2007; Mohammed et al. 2013) . A maize-based diet also lacks adequate protein and other essential micro-nutrients . ASF have high potential to fill these multiple micronutrient gaps even at a lower volume of intake (Murphy and Allen 2003) . For example, 100 g of milk intake per day can supply substantial amounts of calcium, vitamin B12, vitamin A and riboflavin for children (Murphy and Allen 2003) . Previous reports on the study area established a high prevalence of protein and other micronutrient deficiencies in the cereal-and enset-based diets in rural Ethiopia (Abebe et al. 2007; . Enset-and even more maize-based diets can be supplemented with other sources of complementary amino acids and essential micronutrients. Therefore, the consumption of ASF, and more importantly, of on-farm produced milk and milk products, play important roles in complementing the nutrient gaps associated with diets dominated by enset or maize.
On-farm produced milk products, particularly fermented butter milk, are the most frequently utilized ASF in the study area. The non-dairy ASF (particularly beef, mutton, chicken, egg and fish), however, were only intermittently consumed during peak religious and social festivities and thus contributed less to the daily nutrient requirements of the farmers. Because livestock are the main forms of farm assets in these rural settings, slaughtering bigger animals is rare among the smallholders. As smaller animals such as chicken, goats and sheep have lower asset values than cattle, we expected higher consumption of meat from these animals. However, the frequency (Table 3) as well as the quantity (Table 4 ) of meat consumption from cattle was more than those from other sources of meat. The traditional practice of home-yard cattle slaughtering and sharing of beef among 10-15 households ('Kircha'), particularly during peak religious festivities might explain this observation. Except for farmers around Lake Hawassa (located in Awassa district), the majority of the sampled households do not have access to fish. Although farmers keep small ruminants along with cattle (Yigrem, S., Markemann, A., Abebe, G. & Valle Zárate, A. Perceived and actual contributions of cattle and of dairy products to the cash income of smallholder farmers in the mixed production system of Ethiopia. Human Ecology, submitted), it has been shown that the principal role of small ruminants in the study area is for generation of cash income (Legesse et al. 2008) .
Our reported values for consumption of milk and milk products (Table 4) are much higher than the per capita milk consumption reported for Ethiopia. This might be attributed to the purposive sampling of farmers, which targeted households owning milking cows. The overall amount of meat (especially beef) consumed by the farm households is similar to that reported elsewhere for rural Ethiopia. Ayele and Peacock (2003) reported a per capita annual consumption of 2.8 to 3.0 kg of mutton, 4.6 to 4.8 kg of beef and 16 l of milk for Ethiopia. Betru and Kawashima (2009) estimated a per capita consumption of beef of 1.7 and 2.6 kg for the years 1996 and Table 1 2004 in rural areas, but nearly four times more in urban areas (7.8 and 9.7 kg) for the same years. The very low consumption of animal products, particularly meat, is intriguing given the huge livestock population of Ethiopia, comprising of 52 million cattle, 25 million sheep and 21 million goats. Limited physical and economic access primarily explains the low consumption of ASFs by the poor in many developing countries (Allen 2003) . As butcheries are all located within urban centres, this is one potential physical barrier to the rural residents. Cultural food preferences and restrictions due to traditional and religious reasons might also contribute to the low levels of ASF consumption. For example, fasting by the Ethiopian Orthodox Christian Religion restricts its followers (except children) from consuming any ASF for over half a year (Ayenew et al. 2009; Melesse and Beyene 2009) . In the present study area such restrictions are insignificant as most people are either Muslims or Protestant Christians. In most parts of Ethiopia, the prominent chicken dish 'Doro wet' is eaten along with a traditional cereal food-'Enjera', but this is not the case in some parts of the country including the present study area. This traditional food preference might explain the low level of ASF, notably chicken. Expenditures on ASF often increase with economic growth, particularly in developing countries (Speedy 2003; Smith et al. 2013) . However, the proportion of expenditures on ASF in this study was significantly lower for the upper wealth terciles (Table 5 ). The higher amounts and frequency of consumption of milk and milk products by the wealthier farm households (Tables 3 and 4 ) may be due to their ability to produce larger quantities on their own farms. Access to sufficient staple food seems to increase with the wealth status of farmers including their farmland and livestock holding. Farmers in the lower wealth terciles spent a higher proportion of their cash income on basic/staple foods, while wealthier farmers spent much more on farm inputs and non-staple foodstuffs. This points to the importance of on-farm produced foods for subsistence farmers, in securing food and nutrition for their family members.
Food insecurity and malnutrition affect the physical growth, health, intellectual development, school attendance and academic performance of children (Aliamo et al. 2001; Belachew et al. 2011; Bogale et al. 2013; Connell et al. 2005; Gibson et al. 2009 ). Animal source foods are dense sources of macro-and micronutrients. Allen (2003) reported a strong association between ASF intake and the functional capacity of children. Because milk is a rich source of macro-and micronutrients, as well as growth-promoting bioactive substances (Hoppe et al. 2004 ), several observational and interventional studies have found a linear relationship between milk intake and child growth (Black et al. 2002; Hoppe et al. 2004 ). The childhood dairy intake has also been shown to have a longer effect, as it also plays an important role in adolescent bone growth (Moore et al. 2008) .
The canonical correlation analysis applied in this study revealed the associations between anthropometric indices of children and the socio-economic status of their parents.
Weights assigned to the predictors, however, are not similar. The positive correlation between the education and income level of farmers with child growth shown by our results is in agreement with previous studies in Ethiopia (Belachew et al. 2008 ) and elsewhere (Black et al. 2008; Smith et al. 2013) . Diversity of crops grown on-farm was also shown to be positively associated with the anthropometric indices of children, which explains their potential contribution to a higher dietary diversity. The lower the proportion of working force in the family, the harder the few family members must work to produce food, with significant adverse impact on the quantity as well as quality of the diet of the children. The inverse association between the anthropometric indices and the dependency ratio of the family is thus consistent with our expectation and in agreement with a previous report showing similar patterns for adolescents . In this study, data on apparent health conditions of children were not captured, but access to health service provisions and clean water were used as proxies, which contributed to the growth performance of children. As only 46 % of the sampled households had access to clean water, and provision of good health services are compromised by the distance as well as facilities of the health centres, nutrition interventions without inclusion of these two components of infrastructure undoubtedly will not allow a substantial improvement in the health and growth performance of children. BVolume of milk that is annually produced^by farm households used in our study as a proxy for access to milk consumption by children, is the least important predictor among other variables. The amount of milk, which is produced by the majority of smallholder farmers (57 %), is still low and averages merely 864 litres/ farm/year. Notwithstanding the seasonal milk availability during dry and wet seasons (Yigrem, S., Markemann, A., Abebe, G. & Valle Zárate, A. Perceived and actual contributions of cattle and of dairy products to the cash income of smallholder farmers in the mixed production system of Ethiopia. Human Ecology, submitted), over 60 % of the milk is home-processed, leaving only about 37 % for family utilization as fresh milk. Therefore, the portion of milk that reaches children as fresh milk is quite low. This might have contributed to the low associations between the volume of milk and anthropometric indices of children.
In conclusion, the frequency as well as amounts of dairy products consumed by the farm households in the present study area is much higher than that of non-dairy ASFs, complementing the cereal based diets of the region, notably enset and maize. Although cow milk was identified as an important food item for children, their nutritional status was affected by manifold factors related to the quality and quantity of their diet, access to clean water, health services, as well as their overall care, which is affected by the wealth and educational background of their parents. Therefore, holistic approaches that embrace effective coordination among different economic sectors, notably agriculture, public health (nutrition extension and family planning), education and provision of clean water are required to achieve food and nutritional security among the farming households.
